M Barnett
This is a review of current practice of opioid use in palliative care, conducted from the perspective of a practising clinician working in the increasingly complex area of symptom control. In examining alternative opioids to morphine, choice and availability of diVerent drugs reflect the UK perspective. Some drugs or formulations may not be available elsewhere, but the principles discussed may hopefully still be applied.
The aims of this paper are several-fold: (1) To present an overview of available opioids. 
Terms of reference

OPIOID RECEPTORS AND EFFECTS
There are three main classes of opioid receptor: mu, kappa, and delta (table 1) , responsible for diVering opioid eVects. Opioid drugs vary in their receptor aYnity, thus aVecting their principal actions (table 2) . The main site of action is the mu receptor, but some opioids have more complex activity.
SIDE EFFECTS OF OPIOIDS
Side eVects are common to all opioids, although to diVering degrees.
x Sedation x Hallucinations x Constipation x Nausea/vomiting x Urinary retention x Myoclonus x Paradoxical pain x Respiratory depression For practical purposes, the most important side eVects are sedation, nausea, and constipation.
Sedation and nausea occur particularly when starting the drug, usually temporarily, but may recur with dose increases. Nausea can be pre-empted by using a centrally acting antiemetic. This is not always necessary but advisable if the patient is already nauseated or fearful about it. Sedation is usually unavoidable but short lived (48-72 hours) among patients starting oV on low doses. It may become more intractable at high dose, and there is some work on counteracting this eVect with stimulants, 1 although not widely practised.
Constipation, in contrast, occurs in almost every patient taking opioids and does not lessen with continued use, but can be ameliorated by aperients.
Respiratory depression, while potentially serious, is rarely clinically significant when treating pain (even among patients with respiratory impairment), as this antagonises the depressant eVect. In practice respiratory depression usually occurs in opioid naïve patients after acute administration (for example, bolus intravenous dose). Tolerance develops rapidly with repeat doses, so does not pose significant problems for long term pain management.
Cancer pain and choice of opioid "Cancer pain" can be complex. Causes include: direct tumour infiltration of pain sensitive structures, injuries resulting from cancer treatment (radiation, chemotherapy, or surgery) and vascular occlusion due to tumour or treatment eVects. Physiologically, there are three types of pain: (1) Somatic or nociceptive pain (arising from receptors in cutaneous or deep tissues such as bone). by non-opioids should be treated by a weak opioid (alone or in combination with a non-opioid, for example, coproxamol: paracetamol and dextropopoxyphene). (3) Severe pain should be treated by strong opioids. At all levels adjuvant drugs can be added for specific indications: non-steroidal antiinflammatory drugs (NSAIDs) for bone pain; anticonvulsants or tricyclics for neuropathic pain. This is, however, a large subject in its own right, and will not be dealt with further here. For the purposes of this review, I will focus discussion on strong opioids. DRUG 
Choosing an appropriate opioid
PROFILE
In palliation, the aim is to administer eVective analgesics with a half life of several hours so that pain can be quickly controlled. Once dose requirements have stabilised, modified release formulations are extremely helpful, allowing longer dose intervals but maintaining flexibility to make dose alterations without risk of accumulation. Thus potency and duration of action are major determining factors. Morphine provides the gold standard: in unmodified form its four hour clinical duration of action allows regular review of pain control. Once stable, sustained release formulations reduce dose frequency to once or twice daily. Breakthrough pain is controlled with extra doses of the unmodified drug (calculated as 1/6 of the total 24 hour opioid dose requirement). Drugs with a very short half life (for example, pethidine) are unsuitable, because of the need for more frequent repeat dosing, which is both inconvenient and can cause build-up of toxic metabolites. Drugs with inherently long half lives (for example, methadone), are useful for long term maintenance, but can be diYcult to titrate safely in unstable pain. Table 4 illustrates the relative potency of various opioids compared with oral morphine, and also their duration of action.
PATIENT FACTORS
Biomedical
These include age related changes in metabolism and concurrent medical conditions. In palliative care, many patients are both elderly and have concurrent medical conditions, both of which may influence the pharmacokinetics of opioids. For example cirrhosis aVects bioavailability due to reduction of the first-pass eVect. However, renal impairment is most important, as it aVects clearance of many opioids. Reduced renal clearance is also the most important age related change, occurring in the elderly independently of specific disease conditions. Therefore this group is particularly prone to accumulation of drugs at conventional dose intervals (the British National Formulary suggests by upwards of 50% 3 ). However, caution should not lead to inadequate analgesia, as all patients should have their pain requirements titrated individually. In practice, starting doses in uncontrolled pain usually remain the same, but patients with stable pain requirements and reduced renal clearance may require longer dose intervals or smaller doses.
Concurrent drug therapy can also alter opioid pharmacokinetics, for example, morphine and amitriptyline interact to produce increased bioavailability of the opioid, whereas coadministration of methadone and phenytoin leads to faster elimination of methadone (see table 5 for further examples). It is perhaps the uncommon interactions which should be remembered; others, while commonly warned against are often less relevant in clinical practice in palliative care, for example, alcohol in moderate doses rarely causes problems and enhances psychosocial well being.
Genetic factors predisposing to diVerences in opioid receptor response may be important, 4 although these yet remain to be categorised.
Psychosocial
Patient acceptability-Acceptability is paramount to ensure compliance and ultimately eVectiveness. At one end of the scale acceptability may be determined by simple factors such as taste or ease of swallowing; at the other end are complex issues such as the patient's previous analgesic experience or individual health beliefs. This needs to be explored sensitively to encourage doubts or concerns to be voiced.
Many older patients in particular view the introduction of strong opioids as "the end of the road". They may be frightened of taking strong painkillers "too soon", believing they will no longer work when their illness progresses; this may lead them to downplay their symptoms. They may also have fears either of addiction or overdose. Recent high profile murder trials may have exacerbated confusion over the diVerence between deliberate fatal overdosage and the side eVects of therapeutic opioid levels. 5 While hopefully most people still trust their doctors' motives, there may yet be a knock-on eVect. 6 Many patients also have concerns about their ability to function normally when taking opioids. It is worthwhile negotiating and planning the introduction of an opioid to minimise any negative impact on the patient's life.
Patient safety-Other factors to consider are physical limitations (such as poor sight) or cognitive impairment, especially among patients living alone, where safety as well as compliance may be an issue.
ROUTES OF ADMINISTRATION
Opioids can be given by a variety of routes (table 6) . While most opioids can be given orally, a diVerent route requirement may aVect choice of drug. It should be noted that the intramuscular route has not been included. In the palliative care setting, this is rarely necessary or appropriate: it can be painful, particularly for debilitated patients with wasted muscles. In comparison, the subcutaneous route is more comfortable yet equally eVective.
Oral
The most commonly used route is oral. As most opioids are available in oral form, choice is determined by the comparative efficacy, bioavailability, and side eVect profile of diVerent drugs. A comparison of morphine with two other commonly available strong opioids is given in table 7. Hydromorphone-Hydromorphone is relatively new on the market, aimed as an alternative to oral morphine. 7 It has a similar pharmacology to morphine but has inactive metabolites, which may explain its being better tolerated in selected patients. It is formulated in four hourly unmodified and 12 hourly modified release tablets, simplifying the transition from morphine, although the conversion ratio can be oV-putting (7.
"Opioid rotation" means switching from one strong opioid to another where pain management is requiring increasing dose escalation, as patients may achieve better analgesia and/or reduced toxicity with an alternative drug. 8 A baseline figure for this is where the dose of oral morphine has reached >1 g/24 hours. In some centres this is taken a step further with patients switched between opioids at regular intervals to minimise the development of analgesic tolerance. 9 Opioid rotation is an area of increasing research interest in palliative care. 10 Methadone-Methadone is an interesting drug that has recently come back into vogue in palliative care. 11 Previously it was considered pharmacologically "dirty": its broad based receptor activity, combined with a complex biodistribution led to diYculties in dose titration. While these considerations remain, it may have a particular place in treating complex pains. Indications include nociceptive pain and opioid responsive pain with neuropathic elements, such as intractable facial pain.
It is slowly eliminated, reducing the incidence of breakthrough pain, yet does not accumulate in renal impairment, and shows no cross tolerance with other opioids. Thus it can be used in cases of true morphine allergy (although relatively uncommon) and is useful for opioid rotation. 12 Its disadvantages represent the flip side to its advantages. While the half life of the free drug is measured in hours, only a small fraction is present in the circulation, the greater part passing into a much larger tissue reservoir. Reliable dosing is only achieved when these fractions have reached equilibrium. This makes initial dose titration diYcult, particularly the risk of overdose. There are also conversion difficulties (if opioid rotating) because of the absence of cross tolerance. Breakthrough pain can also be diYcult to treat because of the drug's slow onset of action. Specialist supervision is therefore advisable for the first two weeks or so, usually as an inpatient, although it has been reported in the outpatient setting, with careful monitoring. 13 The other disadvantage is that if patients cannot take the oral form, subcutaneous administration is generally not advised because of irritant eVects, although recent work has suggested options to alleviate irritation and allow continued use of methadone. 14 Perhaps because it has been neglected in the past and because of its variable half life, there has been a lack of consensus on appropriate protocols, although this has improved with wider usage. 15 Methadone is perhaps best viewed as a useful second line drug in the specialist palliative care setting.
Tramadol and oxycodone are two other drugs that have recently been strongly marketed. Tramadol is a relatively recent arrival, which inhibits serotonin reuptake in addition to its weak mu receptor agonist action; this makes it potentially useful for opioid responsive pain with neuropathic elements. This has been demonstrated in the management of polyneuropathy. 16 It also has less eVect on gastric stasis. However, although it provides a useful alternative at high dose in moderate pain, 17 it is less potent than morphine and less eVective for managing severe pain. 18 Its current place in palliative care is therefore unclear.
Oxycodone is a long established drug recently relaunched in new sustained release oral formulations. It is reputed to be less likely to cause hallucinations and delirium. 19 It has been used successfully in patients with advanced cancer, 20 but may not be totally equivalent in analgesic eYcacy to morphine, 21 although comparison of controlled release preparations in stable pain showed no diVerence. 22 
Sublingual
This could be useful in theory, particularly for patients with swallowing diYculties. However, only buprenorphine is so formulated. As a partial analgesic agonist which antagonises other opioids, it is diYcult to use in the palliative care setting and is not recommended.
Rectal
This route was much favoured in the past, particularly in nursing homes, because it provided a reliable route for non-specialist nurses treating semiconscious patients who were unable to swallow. With the development of syringe drivers and transdermal formulations it is now less commonly used.
Although a variant on the gastrointestinal route, rectal administration may aVect bioavailability due to partial bypassing of hepatic metabolism. In the opioid naïve patient, there is some evidence of both more rapid and sustained pain control when comparing rectal with oral administration of morphine. 23 There is however little published on long term use for cancer pain. 24 Prepared rectal formulations (that is, suppositories) include morphine, hydromorphone, and oxycodone. Opioids have also been administered rectally in non-standard preparations, usually liquid for fast absorption.
Subcutaneous
This route has increased in popularity over the last 15 years, as clinicians have come to appreciate its flexibility, safety, and practicality. It is now the first choice in most instances where the parenteral route is required.
In the community setting it has revolutionised patient care, both in the terminal stages and for those with dysphagia, vomiting, impaired absorption, or obstruction. The crucial development has been the syringe driver. 25 This simple device utilises normal plastic syringes, the rate of flow being preset (usually to run over 24 hours). Being battery driven, it is relatively unobtrusive and does not aVect mobility. It oVers a reliable constant route of administration; at the same time subcutaneous absorption is partially rate limited (compared with intravenous route), so reducing the risk of inadvertent overdose, making it safer for use in unsupervised settings. Setting up and recharging the driver are straightforward procedures for trained district nurses.
The opioids most commonly employed are diamorphine (UK), morphine (US), or more recently hydromorphone. The avoidance of first-pass metabolism increases bioavailability, although there is some variation in practice as to actual dosage regimens. The majority of centres in the UK use a 3:1 ratio (that is, 300 mg oral morphine over 24 hours converts to 100 mg subcutaneous diamorphine).
Problems with subcutaneous administration usually relate to skin sites, most commonly when using high concentrations of opioid, or when combining opioid with other drugs (compatibility guidelines are available). Irritation can often be overcome by reducing the concentration of drugs (using a larger volume) or by adding hydrocortisone to the infusion. Similarly problems with absorption can be ameliorated by adding hyaluronidase (an enzyme that breaks down connective tissue and increases local diVusion). Other occasional problems include localised needle reactions (an alternative Teflon cannula is available), while in severely cachectic patients, siting may be diYcult due to lack of subcutaneous tissue. Very occasionally, shutdown of the patient's peripheral circulation in the terminal phase may cause unreliable absorption, requiring more frequent review and appropriate dose adjustments to prevent distress.
Intravenous
This route is not commonly used now: bolus administration provides rapid onset (10-15 mins for morphine) but short duration of action of analgesia and is therefore only used for emergency symptom control. Continuous intravenous infusion is useful for control of severe pain where the subcutaneous route is not tolerated, particularly for dose titration over a relatively short period. Most intravenous pumps are unwieldy and intrusive, requiring mains attachment, so constraining mobility and longer term acceptability.
Patient controlled analgesia-This has been widely used intravenously in the acute setting for control of postoperative pain, pain associated with bone marrow transplants, and in gastrointestinal obstruction where severe spasmodic pain may exacerbate lower levels of background pain.
More recently the Edmonton Injector 26 has been developed to allow subcutaneous bolus injection, leading to more widescale use in the community setting in North America, although this has not yet found favour in the UK.
Epidural/intrathecal
Spinal routes of administration are used commonly for inpatients. Community use is possible but more problematic because of lack of trained back-up.
The main applications of this route are twofold: (1) Providing longer duration of analgesia at a lower overall dose, because of greatly increased bioavailability, and hence reduced unwanted peripheral side eVects. given by inexperienced staV; this can be avoided as long as pain control is stable before discharge, as oral administration can still be used for occasional breakthrough requirements. In Britain diamorphine remains the drug of choice, because of its high solubility, with morphine used elsewhere. More controlled trials are required to establish the place of other opioids.
Transdermal
The transdermal route (that is, skin patch) is another relatively recent development in pain control: only fentanyl is currently available in this formulation.
Fentanyl is a highly potent mu receptor opioid with good comparative clinical analgesic eYcacy to morphine. 27 Main indications for its use are where oral administration is not possible for reasons such as dysphagia, vomiting, or impaired gastrointestinal absorption, that is, similar to indications for the subcutaneous route. Fentanyl is reported to have less gastrointestinal side eVects than other opioids. It may therefore be helpful when nausea and vomiting is drug related, or in severe constipation.
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Summary of factors influencing choice of opioid x Opioid sensitivity of pain-although obvious, there is a fundamental requirement to assess the nature of the presenting pain before prescribing an opioid at all. x Stability of pain control-relevant in determining the formulation to be used. x Presence of coexisting symptoms.
x Presence of concurrent factors aVecting metabolism and drug elimination. x Necessary or preferred route of administration. x Patient psychosocial factors.
It should only be used after titration with short acting opioids to stabilise pain, as the slow equilibration of blood levels transdermally makes it unsuitable for short term review.
The advantages of transdermal administration are: it is generally highly acceptable to patients; patches can be applied by patients or relatives themselves; the long duration of action requires infrequent patch changes, minimising non-compliance in the community and reducing the time spent by ward staV administering controlled drugs.
Fentanyl may also be more acceptable both to patients and physicians because of its lack of association with morphine, enhanced by perception of the transdermal route as less "medical". This may encourage individual patients to accept more eVective pain control, but should not be a substitute for education among clinicians anxious about prescribing appropriate doses of opioids.
The downside of viewing fentanyl as "innocuous" is that patients may be prescribed a patch de novo after weak opioids only, without assessment of opioid requirement. This can cause problems of overdosage and side eVects, particularly because the morphine equivalent dose eVect of the patches demonstrates considerable and unpredictable interpatient variability-the 25 µg/hour patch being equivalent to between 30 and 135 mg of oral morphine over 24 hours! The other problem with using patches de novo in unstable pain is the slow titration to analgesic requirements, with patients still requiring breakthrough doses of another strong opioid, as fentanyl is not currently available for this.
Other disadvantages are its long half life prolonging the duration of action after patch removal, and so eVects in overdose, and complicating opioid rotation. Its duration of action also makes it less flexible for circadian 29 or other individual variations in analgesic requirement. Finally, it is relatively expensive. While cost considerations should never prevent appropriate use, overenthusiastic prescribing for inappropriate reasons (such as avoidance of a discussion about morphine) is not to be condoned.
Limitations of existing evidence
While the above can be a guide, it may be more diYcult to make systematic choices in practice, because reviews of published evidence reveal several limitations: x Most studies have focused on morphine itself. x Most studies of other opioids focus on "new" drugs or new product licences. x Single drug studies have considered only analgesic eYcacy and acceptability. x Comparative studies have focused on establishing eYcacy/potency of analgesic action. So what's missing? There are few large scale comparative trials, and most have focused on analgesia. However, to use diVerent opioids in a more sophisticated way it is the other opioid eVects which may swing the balance, and it is in this area that least work has been done:
x Studies comparing eVects of diVerent routes of administration of the same opioid are lacking. x Systematic comparison and quantification of adverse eVects between opioids is lacking, for example, there are reports of reduced adverse gastrointestinal side eVects with fentanyl and hydromorphone in comparison with oral morphine, but this needs more systematic exploration. x Studies comparing analgesic eVects of opioids in treating complex pain. This is particularly relevant to methadone, whose N-methyl-D-aspartate (NMDA) receptor antagonist action may make it more eVective for neuropathic-type pain. However, no clinical studies have been carried out to examine this systematically. 30 Finally, an area which is almost completely unexplored:
x Studies comparing potentially beneficial side eVects between opioids, for example, impact on dyspnoea. In this example, initial experience using inhaled morphine has suggested that dyspnoea could be improved independent of any analgesic requirement, 31 32 while a small randomised controlled trial failed to reach significance, but did report strong treatment eVects in individual patients. 33 Studies of inhaled morphine have demonstrated rapid systemic absorption yet a lack of eVect on dyspnoea, 34 while a small study of patients receiving oral morphine demonstrated symptomatic improvement in breathlessness alongside systemic side eVects. 35 Thus it is not clear whether the response is due to morphine acting at local receptor level in the lungs or through central inhibition combined with reduction of anxiety. If that is the picture regarding morphine, it is not surprising that to date no comparison studies have emerged. Clearly, more work needs to be done on dyspnoea and opioids.
Questions we might like to ask
At present, we cannot eVectively predict the response to an individual opioid for an individual patient. These gaps in our knowledge lead to a number of specific questions for further research:
x What are the comparative eVects of diVerent opioids in alleviating breathlessness? For example, morphine v methadone v fentanyl. x What is the most logical choice of short acting opioid to use for breakthrough pain when administering transdermal fentanyl? x Are there really significant diVerences between opioids with respect to causing constipation? x Does methadone have a specific place in cancer pain management? At present none of these questions can be answered. Multicentre trials in palliative care have been slow to develop. There are practical issues of funding and coordinating trials among a large number of small units, and difficulties in designing scientifically robust protocols that fulfil the needs of terminally ill patients both clinically and ethically. Recruitment tends to be slow, attrition rates high, and assessment of eVects confounded by patients having multiple problems and requiring diVerent treatment modalities. However, comparative work undoubtedly needs to be done if we are aiming to oVer patients informed choice and optimal symptom control. In end stage disease there is no time to waste in trial and error. Among earlier stage patients or those with non-malignant chronic pain, improved understanding will improve care and maximise patients' functional capacity and quality of life. Literature search: Netscape search of Medline using search terms "palliative care and opiates"; "opiates and cancer"; "opiates and dyspnoea". 
Answers
(1) Mu, kappa and delta-analgesia is mediated by all three, while nausea, sedation, and constipation are primarily through mu receptor activity, and dysphoria and psychotomimetic eVects through the kappa receptor.
(2) Methadone has an additional action as an NMDA receptor antagonist-the clinical significance of this is that it may confer improved analgesic eVects when treating complex pains with a neuropathic element.
(3) Methadone is diYcult to titrate because it has a complex biodistribution, with a small free plasma fraction and large tissue reservoir.
(4) Subcutaneous and transdermal routes.
(5) Fentanyl appears to have less constipating eVects than other opioids.
(6) The jury's still out on this one-small scale trials have suggested clinical benefits exist, but larger randomised trials have yet to be conducted.
